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Abstract. The Lesina coastal barrier is characterized by the
presence of three wide washover fans. They were formed
by three distinct tsunamis which struck the northern coast
of the Gargano Promontory (Apulia, Italy) during histori-
cal times. A model for their formation is presented. It
takes into account the geomorphological data collected and
some reports about the effect of recent tsunamis on coastal
barriers and beaches. Washover fans were produced by
tsunami waves which ran through coseismic cracks devel-
oped on dune ridges shaping a narrow, straight and rela-
tively deep trench which constitutes the fan throat. More-
over, each tsunami event most likely caused severe erosion
of the coastal barrier, shaping erosive grooves across the
dune ridges, causing beach cliffs and causing the nourish-
ment of submarine offshore bars. After the tsunami, a phase
of coastal barrier recovery began, forming new dune ridges
and closing washover fan throats. Morphological, archeolog-
ical and radiometric data indicate a pre-Roman age for the
oldest event, which was dated at 2430 years BP. The second
tsunami struck the Lesina coastal barrier with similar magni-
tude 1550 years BP; it was caused by the strong earthquake
that occurred at Gargano Promontory in the year 493 AD as
reported by a medieval sacred legend. The smallest and more
recent fan formed following the tsunami that hit the northern
coast of Gargano on 30 July 1627.
Key words. Tsunami, coastal barrier evolution, washover
fan, Apulia, Italy
1 Introduction
The Gargano Promontory is the most uplifted area of the
Apulian foreland. It is the emerged part of a plate consti-
tuting the foreland of both the east-verging Apenninic and
west-verging Dinaric orogens (Fig. 1). It is known to have
been affected by several violent earthquakes during historical
times, with epicenters localised in both inland and offshore
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areas. A detailed study of historical sources provides a com-
plete record of recent earthquakes, some of which were ac-
companied by devastating tsunamis (Tinti et al., 1995). The
largest one occurred on 30 July 1627. It was generated by an
intensity-XI earthquake that caused severe damage and many
victims (Molin and Margottini, 1981; Guidoboni and Tinti,
1987). A numerical simulation performed by Tinti and Pla-
tanesi (1996) suggests that a generative fault located inland
caused the uplift of the sea block facing the Lesina Lake.
Historical sources (Molin and Margottini, 1981) report that
the coastal waters withdrew first as much as 3 km and then
overflowed into the lake. Regarding the Lesina Lake area, it
was most likely affected by coseimic vertical movements, as
chronicles report that the earthquake “raised the lake bottom
twofold”, whereas Lesina village, on the landward bank of
the lake, underwent coseimic subsidence.
Minor tsunami events were reported on 31 May 1646, 20
March 1731, 22 October 1756, 8 December 1889 and 10 Au-
gust 1893 (Tinti et al., 1995).
In this paper, the first results of the geomorphological anal-
ysis on the sandy coastal barrier that divides the coastal lake
of Lesina from the Adriatic Sea are reported. The effects of
three distinct tsunamis that struck the northern coast of the
Gargano Promontory are described, along with their chronol-
ogy assessed using AMS radiocarbon datings.
2 The geomorphological impact of tsunamis on coastal
zone
Tsunamis can greatly influence coastal evolution and land-
forms assemblage. The main effects of tsunamis on rocky
coasts are represented by the detachment of large boulders
in the nearshore zone and their deposition farther inland
(Dawson, 1994; 1999; 2000), and also by the sculpturing of
bedrock with the formation of smooth, small-scale forms and
large-scale features (Bryant and Young, 1996). Commonly,
large boulder deposition has been observed along numerous
coastal tracts. Bourrouilh-Le Jan and Talandier (1985) refer
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to the dislocation of 15× 10× 5 m blocks onto reef flats by
catastrophic events (tsunamis or hurricanes) at Rangiroa, Tu-
amotum, SE Pacific. Boulders, considered to be deposited
during the last interglacial period by a tsunami, occur within
a 8 m thick deposit on the islands of Lanai and Molokai,
Hawaii (Moore and Moore, 1984; 1988). Giant blocks up
to about 100 m3 in volume were deposited up to 30 m above
present sea level by a tsunami during the Holocene, at the
Ryukyu Islands, Japan (Nakata and Kawana, 1993). Deposits
of large, imbricated and aligned boulders placed above the
present-day limit of storm waves have been detected along
the coast of southern New South Wales; these boulders were
deposited by a tsunami that approached the coast from SE to
SSE about 9.5 ka BP (Young et al., 1996; Bryant et al., 1996).
In the Bahamas, Hearty (1997) and Hearty et al. (1998) report
boulders measuring 100 to 1000 m3 in volume scattered by a
tsunami or extreme storms along the coast of North Eleuthera
Island during Oxygen Isotopic Stage 5e or 5d (about 125–
110 ka BP). Along the Mediterranean coast, large imbricated
slabs of Pleistocene calcarenites were carved and scattered
along the Ionian coast of Apulia (southern Italy). Their pres-
ence is related to a tsunami that was most likely caused by
a landslide triggered by the 4 December 1456 earthquake
(Mastronuzzi and Sanso`, 2000).
Studies regarding the morphological effects of tsunamis
on coastal barriers are fewer. Tsunamis produced 40 m wide,
several metres high ridges stretching parallel to the coastline
of South Ryukyu Islands, Japan (Ota et al., 1985). On the is-
land of Lanai, Hawaii, dunelike gravel ridges developed dur-
ing episodes of exceptionally rapid water movements (Moore
and Moore, 1988). Andrade (1992) detected the effects of
the Lisbon tsunami of 1755 AD on the Ria Formosa Barrier
Islands, Algarve region, Portugal. He recorded widespread
submergence, barrier breaching and the formation of large
washover fans, as well as the complete reorganization of the
backbarrier drainage system.
Further data come from reports in regions recently struck
by tsunamis. Detailed observations of the 26 May 1983
tsunami that impacted the coast of northeast Japan are re-
ported by Minoura and Nakaya (1991). Incoming and out-
going tsunami waves eroded large volumes of beach and
dune sands which finally accumulated in the shoreface region
forming submarine bars. Beaches subsequentely widened
due to the effective nourishment by reworked sands. Further-
more, the seismic shock triggered the formation of cracks
on beaches and in beach-ridge dunes. Some of these cracks
developed into long gashes connecting interdune ponds to
the Japan Sea. Large volumes of sea water rushed into the
ponds through the gashes, depositing a thin layer of beach
and dune sand on the bottom of the ponds. The 1993 South-
west Hokkaido and 1983 Japan Sea tsunamis deposited thick
and widespread sand sheets derived from beaches and coastal
dunes (Sato et al., 1995). At Aonae, Okushiri Island, the
1993 event eroded grooves several metres in diameter with
a maximum depth of 40 cm. On 3 June 1994, Java tsunami
produced escarpments up to 1.8 m high along main beaches
at the south-southeastern coast of the island (Maramai and
Tinti, 1997). Finally, McSaveney et al. (2000) report that the
17 July 1988 Papua New Guinea tsunami caused at the spit
that divides Sissano Lagoon from the open sea, sand depo-
sition exceeding 1 m on the seaward beach ridge, as well as
scour holes up to 2 m deep, occurred.
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3 The morphology of Lesina coastal barrier
The Lesina and Varano coastal barriers and lakes display a
favourable geomorphological setting to preserve a record of
the effects related to tsunamis that struck the northern coast
of Apulia during the last three thousands years. This paper
presents the first results of a geomorphological survey of the
Lesina coastal barrier, aiming to detect the impact of tsunami
events and coseismic movements on the coastal landscape
evolution.
Archaeological and historical data allow for the age of
Lesina and Varano coastal barriers to be estimated. The
Lesina Lake barrier is the older of the two barriers since
it was most likely developing during the Bronze Age and
its formation was completed during Roman times (Grav-
ina, 1995). The Varano Lake barrier was open during Ro-
man times, but closed between the V and VII centuries AD
(Alvisi, 1970). The Lesina Lake is elongated parallel to the
shoreline with a length of 22 km and a width of 1.8 to 3.0 km.
The lake salty waters reach the maximum depth of about
1.9 m. The Lesina Lake is divided from the Adriatic Sea
by a continuous sandy coastal barrier characterized by mean
elevation of about 3 m above m.s.l., reaching the maximum
height of about 8 m at Gravaglione. It measures 1400 m in
width at its western end to a minimum of 350 m to the east
(Fig. 2). Two artificial channels connect the lake with the
Adriatic Sea.
The Lesina coastal barrier can be morphologically subdi-
vided into three parallel strips. The oldest is represented by
the remnants of a high dune belt marking the landward bor-
der of the coastal barrier near Gravaglione. A washover fan
at Foce S. Andrea breaks the lateral continuity of this ridge.
The fan spreads over a radius of 500 m with its throat closed
seaward by a more recent dune belt (Fig. 3). On the sur-
face of the fan, structures from the Roman age have been
found. The second strip is about 300 m wide and is char-
acterized by widely-spaced, degraded dunes punctuated by
shallow grooves without preferential spatial orientation. This
last zone is broken by the Foce Cauto washover fan that
has a mean radius of 700 m (Figs. 4 and 5). The fan apex
passes seaward into a narrow, deep trench which is closed by
the third, youngest part of Lesina coastal barrier. The latter
strip is about 400 m wide and marked by a close sequence of
straight, sharp dunes. The remarkable continuity of this strip
is broken only by a small washover fan at C. La Torre with
a radius of 250 m. The fan opens to the present shoreline
through a narrow trench (Fig. 6).
4 Discussion
Washover fans form on a sandy coastal barriers when wave-
wash overcame dune crests in correspondence with breaches
or throats forming distintictive fans. They are made of
a wedge-shaped body with the maximum thickness of the
washover sediment at the barrier crest. With major surge vol-
ume, the crest is often relocated landwards by sluicing over-
wash, and near continuous washover fans merging laterally
into a washover flat (Orford and Carter, 1982).
The morphology of the Lesina coastal barrier (Fig. 7) in-
dicates that at least three tsunamis struck the northern coast
of Gargano Promontory in historical times. Each one de-
posited a washover fan 100 000 to 750 000 m2 in area that
excludes the action of storm waves restricted by the small,
semi-enclosed state of the Adriatic Sea and by the small tidal
range (about 1 m). The washover fans were formed by catas-
trophic tsunami waves focused at distinct points of coseismic
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Fig. 4. A view of Foce Cauto washover fan. The geomorphological
interpretation is shown in Fig. 5.
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Fig. 5. The geomorphological interpretation of the Lesina coastal
barrier in the area of Foce Cauto from Fig. 4.
cracking that developed into narrow, long breaches through
coastal barrier ridges (Fig. 8a).
The formation of cracks was noted during the earthquake
of the year 1627 at several localities near the epicentre, af-
fecting the alluvial deposits and sands of the Fortore River
lower valley and coastal plain (Molin and Margottini, 1981).
These marks are similar to those reported following the Japan
Sea earthquake and tsunami of 26 May 1983 (Minoura and
Nakaya, 1991). Here, cracks that formed in the beaches and
dunes separating Lake Jusan from the Japan Sea, allowed
tsunami to rush into the back barrier area. At the Lesina
coastal barrrier, during the second event, tsunami waves
overtopped the coastal barrier levelling ridges and scoured a
number of erosive grooves, similar to those reported by Sato
et al. (1995) and McSaveney et al. (2000) during tsunami
events. Sea water ran through the cracks, forming a nar-
Fig. 6. A view of C. La Torre washover fan and the growing urban-
ization of the coastal barrier.
row throat and a wide washover fan at the inner edge of
the coastal barrier. At the same time, the seaward edge of
the coastal barrier was most likely cliffed and a significant
amount of barrier sediment was moved offshore forming sub-
marine bars (Fig. 8b). This is similar to processes observed
by Maramai and Tinti (1997) during the 3 June 1994 Java
tsunami, and by Minoura and Nakaya (1991) in the offshore
area soon after the Japan Sea earthquake and tsunami of 26
May 1983. Normal wave climate was the final factor respon-
sible for the transport of submarine bars onshore, causing the
recovery of the coastal barrier and the formation of new dune
ridges. These closed the washover throat and buried the cliff
(Fig. 8c).
Morphological, archaeological and historical data allow a
chronology of the tsunamis to be defined. The oldest tsunami
and the first washover fan (S. Andrea fan) formation occurred
before Roman times. It produced a gap in the coastal barrier
that was exploited by the Romans to construct a waterway
between the lake and the sea. The same waterway was still in
use during medieval times with the name of Fuci Vetere (Di
Perna, 1998) and during the XVI century, as shown by Gam-
bacorta portolano drawings (1594). During this last period,
the waterway was protected by Torre Foce, built in 1568 and
later named Torre Scampamorte (meaning “tower of avoided
death”). The Foce Cauto washover fan developed subse-
quentely. Its throat cuts across the dune ridges that closed
the apex of the S. Andrea fan. Moreover, it should be older
than the Torre Scampamorte construction, which is placed at
the third and youngest part of the coastal barrier and which
could not have survived such a catastrophic event. The small
washover fan of C. La Torre was formed in very recent times
since its throat cuts through the coastal barrier.
Two AMS radiocarbon age determinations have been per-
formed at Geochron Laboratories on pulmonate gastropods
with the aim of dating this sequence. Samples of Helix
sp. and Pomatia sp. were collected on the crest of the dune
ridges closing the washover throats of the S. Andrea (S. An-
drea – 1 sample) and Foce Cauto (Cauto – 1 sample) fans.
Results indicate an age of 2430± 40 years BP for the event
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Fig. 9. Black areas mark the urbanized areas placed at the eastern-
most and westernmost part of Lesina coastal barrier.
responsible for S. Andrea washover fan development and
1550± 50 years BP for the formation of the Foce Cauto fan,
confirming the reconstructed chronological framework. The
relative calibrated ages of 736± 20 cal BC and 488± 55 cal
AD, respectively, have been calculated using the CALIB 4.3
software (Stuiver and Reimer, 1993).
Both events are not documented in the historical chroni-
cles and do not fit with any of the events reported by the most
recent and updated catalogue of Italian strong earthquakes
(Boschi et al., 2000). Nonetheless, a strong earthquake in the
Gargano area is described in one of the most important me-
dieval sacred legends and traditionally dated at the 493 AD. It
was enclosed on this basis in the older earthquake catalogues
(e.g. Bonito, 1691; Mercalli, 1883; Baratta, 1901). Recent
structural data (Piccardi, 1998) suggest that this earthquake
had a magnitude between 6 and 7 in the southern area of
the Gargano Promontory. The present study supplies the first
convincing evidence that the 493 AD strong earthquake re-
ally occurred. It caused the tsunami that struck the Lesina
coastal barrier, forming the Foce Cauto washover fan.
5 Conclusions
Three wide washover fans characterize the sandy coastal bar-
rier that divides the Lesina coastal lake from the Adriatic
Sea. They were formed due to the effective overwash of
the coastal barrier by three tsunami waves during historical
times. Tsunami wave erosion and deposition was controlled
spatially by the formation of long coseismic cracks transvers-
ing the coastal barrier. Fans formed at the landward open-
ings of narrow, long breaches. Each event was followed by
a coastal barrier recovery phase that was responsible for the
closing of the washover fan throats. The oldest tsunami event
formed the S. Andrea washover fan and is pre-Roman in age,
Fig. 10. A view of the growing urbanization on the Lesina coastal
barrier.
at about 2430 years BP (736± 20 cal BC). The second event
had a similar magnitude and was responsible for the devel-
opment of the Foce Cauto fan at 1550 years BP (488± 55 cal
AD). It was caused by the strong eartquake that occurred on
the Gargano Promontory in 493 AD and reported by a me-
dieval sacred legend. Finally, the C. La Torre washover fan
formed during an event of minor intensity, most likely caused
by the tsunami that struck the coast of northern Gargano on
30 July 1627.
These results indicate that the Lesina coastal barrier is
not suitable for urban development since it has been struck
by destructive tsunamis during its history, with a recurrence
time of about one thousand years. Unfortunately, these catas-
trophic events have been completely neglected by planners,
so that a recent, growing urbanization linked to the tourism
industry has developed in the western-most and eastern-most
parts of the Lesina coastal barrier (Figs. 9 and 10). This situ-
ation poses a significant risk to life and properties if another
tsunami were to hit this area in the near future.
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